Ten years after right pneumonectomy for primary lung cancer, a 51 year old man developed a pulmonary artery stump thrombosis which produced microemboli in the remaining lung and, in turn, led to chronic pulmonary hypertension. This case strongly suggests that prolonged postoperative thromboembolic prophylaxis should be considered in patients undergoing right pneumonectomy. L ate dyspnoea following pneumonectomy is usually due to progressive disease of the remaining lung, post pneumonectomy syndrome from distortion of the remaining main bronchus, and sometimes reopening of the foramen ovale. We report a patient in whom chronic embolisation originating from a pulmonary artery stump thrombosis occurred 10 years after pneumonectomy and led to the development of severe pulmonary hypertension.
CASE REPORT
A 51 year old man underwent right pneumonectomy in April 1993 for lung cancer with a satisfactory postoperative course. In November 2002 he complained of asthenia and back pain so a chest CT scan was performed which ruled out recurrence of the cancer. The patient's condition deteriorated with progressive dyspnoea. In February 2003 arterial blood gas analysis at room air showed mild hypoxia (PaO 2 9.7 kPa) and hypocapnia (PaCO 2 4 kPa). Spirometric findings were as follows: total lung capacity 3.75 l (58% of predicted), forced expiratory volume in 1 second 1.57 l (55% of predicted), forced vital capacity 2.12 l (59% of predicted), and carbon monoxide transfer coefficient 3.51 ml/min/kPa/l (71% of predicted). The electrocardiogram showed sinus tachycardia and right axis deviation and transthoracic echocardiography showed right ventricular dilatation and third degree tricuspid regurgitation with systolic pulmonary artery pressure (PAP) estimated at 85 mm Hg. Venous ultrasonography ruled out acute deep venous thrombosis of the lower extremity. Infused spiral CT scanning revealed an endoluminal filling defect in the right pulmonary artery stump that had not been present 3 months earlier ( fig 1A) . The findings on a transverse thin section CT scan ( fig 1B) and lung perfusion scan using 99m Tc macroaggregated serum albumin ( fig 1C) were concordant with the diagnosis of chronic thromboembolic disease.
Treatment with subcutaneous calcium heparin was started and relayed by oral vitamin K antagonist (fluinidione) to an INR of 2.5. Calcium channel blockers (diltiazem chlorhydrate 180 mg/day) combined with diuretics (furosemide 40 mg/ day) were given. The patient was still alive 12 months later, free of cancer, but with increased breathlessness on exertion. At hospital readmission, blood gases at rest revealed hypoxaemia (PaO 2 8.6 kPa, PaCO 2 4 kPa, pH 7.42). The 6 minute walk test had to be interrupted after a distance of 240 metres because of increased dyspnoea, blood oxygen desaturation (83%), and chest pain. Cardiac catheterisation confirmed worsening of the pulmonary hypertension with the following haemodynamics: mean right atrial pressure 14 mm Hg, systolic PAP 96 mm Hg, mean PAP 56 mm Hg, pulmonary artery occlusion pressure 5 mm Hg, cardiac output 3.8 l/min, total pulmonary resistance 13.4 Wood units, absence of shunt, and no significant acute response to inhaled nitric oxide.
DISCUSSION
Ziomek and colleagues 1 reported prospectively an incidence of postoperative thromboembolic disease of 19.5% after thoracotomy without specific prophylaxis, with thromboembolism more common after surgery for malignant disease. Perioperative heparinisation reduces but does not remove the risk. 2 Pulmonary embolism usually occurs in the early postoperative period and does not necessarily originate from the deep veins of the lower extremity. Patients can develop thrombi in the superior vena caval system and/or the right cardiac cavities, especially in the presence of chronic arrhythmia 3 or when extended resections requiring the use of prosthetic materials have been performed. 4 Patients can also develop thrombi in the pulmonary artery stump after pneumonectomy that may or may not embolise to the remaining lung.
Pulmonary artery stump thrombosis may be identified as an incidental finding on follow up CT scans to detect disease recurrence. 5 Microemboli may respond to treatment if appropriately and promptly diagnosed. In contrast, massive embolisation is usually lethal due to the single lung status, whatever the initial location of the clot might have been, with anecdotal success after anticoagulants and/or thrombolysis or embolectomy. 6 Forty years ago Chuang et al 7 showed that patients undergoing right pneumonectomy were more likely to experience pulmonary artery stump thrombosis. This is believed to be due to anatomical features; the right arterial stump is commonly longer than the left one 8 which results in turbulence in the main trunk and stasis of blood in the stump, both rheological factors triggering thrombus formation. As a consequence, it would be expected that minimising the size of the arterial stump would prevent such a complication. Unfortunately, Arcinegas and Coates failed to confirm this hypothesis, 9 and also found that the thrombosis may continue enlarging until it completely obstructs outflow from the right ventricle.
Obviously, long term survivors after pneumonectomy are rare because the indications for such an operation are dominated by advanced stage thoracic malignancies. As a consequence, only a few studies have addressed the haemodynamic changes that occur after pneumonectomy. Despite the reduction by half of the pulmonary vasculature, there is usually no significant change postoperatively compared with preoperative systolic PAP, pulmonary vascular resistance index, central venous pressure, cardiac index, and pulmonary capillary wedge pressure. 10 Our patient's history suggests that the late onset of cor pulmonale may be attributed to chronic embolisation and remodelling of the pulmonary vascular bed. While it is more common in the immediate postoperative period, thromboembolic disease has been suspected but seldom reported as a long term complication following standard pneumonectomy. To the best of our knowledge, a 10 year delay between such a complication and the initial surgery has not previously been reported.
This case supports the liberal use of CT scanning in the follow up of pneumonectomised patients. It also strongly suggests that prolonged postoperative thromboembolic prophylaxis in patients undergoing pneumonectomy should be recommended. Finally, it highlights the limitations of currently available treatments for post embolic pulmonary hypertension. 
